Using Big Data for Sustainability in Supply Chain Management by Chalmeta, Ricardo & Barqueros Muñoz, José Eduardo
sustainability
Article
Using Big Data for Sustainability in Supply Chain Management




Barqueros-Muñoz, J.-E. Using Big
Data for Sustainability in Supply
Chain Management. Sustainability
2021, 13, 7004. https://doi.org/
10.3390/su13137004
Academic Editor: Alessio Ishizaka
Received: 8 May 2021
Accepted: 15 June 2021
Published: 22 June 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
Grupo de Integración y Re-Ingeniería de Sistemas (IRIS), Departamento de Lenguajes y Sistemas Informáticos,
Universidad Jaume I, 12071 Castelló, Spain; joseduardobarqueros@msn.com
* Correspondence: rchalmet@uji.es
Abstract: In the literature, several frameworks have been proposed to help sustainability manage-
ment in supply chains. Nevertheless, they present a number of shortcomings. With the aim of
overcoming these shortcomings, this paper proposes a framework for sustainable supply chain
management composed of six dimensions: methodology, organization, stakeholders, maturity model,
human resources, and technology. The main innovations of the framework are that (1) it includes
a methodology that acts as a guide to sustainability management and improvement in a holistic
way by using a balanced scorecard for any type of supply chain and covering the whole project
life cycle; (2) it combines quantitative and qualitative methods for sustainability assessment; (3)
it describes the techniques and technology to be used in each task of the methodology; and (4) it
identifies the past impact of SC sustainability, as well as predicting its future impact, using Big Data
analytics. The practical utility, completeness, and level of detail of the framework were validated
through questionnaires answered by both five academics and three professionals. In addition, the
framework was applied to a case study to (1) validate its usefulness and (2) to improve it with the
feedback obtained.
Keywords: supply chain management; sustainability; balanced scorecard; Big Data; frameworks;
stakeholders
1. Introduction
Sustainable development has become a key strategic objective worldwide since the
definition of sustainability was formulated in the Brundtland report, according to which
it is “development that meets the needs of the present without compromising the ability
of future generations to meet their own needs” [1]. Sustainable development requires
the consideration and integration of economic, social, cultural, political, and ecological
factors in decision making, in an attempt to balance economic development, social devel-
opment, and environmental protection [2]. As a result, the majority of large companies and
an important number of small- and medium-sized enterprises have been incorporating
policies and actions aimed at improving their sustainability. Likewise, they have also
been communicating it among their internal and external stakeholders through annual
sustainability reports, corporate websites, and different online and offline media [3].
However, in the context of an increasingly globalized world, where companies have
been forced to associate to form Supply Chains (SC) in order to optimize resources and be
more competitive, sustainability management requires a new approach. This new approach,
forced by the pressure of stakeholders (such as investors, shareholders, customers, and
nonprofits), is the so-called Sustainable Supply Chain Management (SSCM). Sustainability
thus evolves from the internal perspective of companies to a supply chain perspective [4,5].
The management and improvement of the three dimensions of sustainability (eco-
nomic, social, and environmental) within the supply chain are complex tasks that involve
different strategic, organizational, cultural, legal, human, and technological aspects. Al-
though the supply chains are making efforts to infuse sustainability practices in their SC,
they are struggling with their implementation. To solve this problem, different frameworks
have been developed to help sustainability management in supply chains.
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However, existing frameworks (1) have a limited scope as they have been proposed
for the individual needs of a specific industry or market sector; (2) they are focused on
specific sustainability problems rather than adopting a holistic approach that enables them
to improve the sustainability of the entire SC; (3) while some frameworks focus on the
quantitative evaluation of the aspects of sustainability, others undertake a qualitative
evaluation, and therefore, they do not take advantage of combining both methods; (4) they
focus on the problems of sustainability assessment, without incorporating a methodology
that describes how to integrate the results of quantitative or qualitative analyses with
decision-making and action plans to improve the sustainability of the supply chain; (5) they
describe what to measure but not how to measure the current impact and even less how to
predict the future impact of the SC using the possibilities of new technologies such as Big
Data.
Therefore, in spite of the usefulness of such frameworks, there are critical gaps in
the field of sustainable supply chain management frameworks [6]. To overcome these
shortcomings, in this paper, a framework called SSCM-IRIS is proposed, which facilitates
the task of sustainability management in supply chains. The framework (1) includes a
step-by-step methodology that describes the process of sustainability management and
improvement in the supply chains of any sector by means of a holistic approach; (2) it
combines both qualitative and quantitative methods for sustainability assessment; (3) it
describes the techniques and technology to be used in each task of the methodology,
as well as the stakeholders involved; and (4) it identifies the past sustainability impact
of the SC, as well as predicting its future impact, by combining business intelligence
tools with Big Data analytics. On the other hand, the framework allows the techniques
proposed for the selection of indicators in the existing SSCM frameworks to be incorporated
within a structured methodology. The earlier frameworks have many good points, and
we wish to take advantage of this fact. The SSCM-IRIS framework is made up of six
dimensions: methodology, organization, stakeholders, maturity model, human resources,
and technology. The methodology of the framework covers the whole life cycle of the
sustainable supply chain management and improvement project and defines how and
where the tools of the other five dimensions can be used.
This paper is organized as follows: Section 2 shows the literature review related to
sustainability and supply chain management, as well as a review of the existing frameworks
proposed in the literature. Section 3 describes the SSCM-IRIS framework, which helps in
the sustainability management and improvement of supply chains. Section 4 shows the
procedure carried out to validate the framework. Finally, Section 5 discusses the SSCM-IRIS
framework innovation and shows the conclusions, research limitations, and future work.
2. Literature Review
2.1. Sustainable Supply Chain
Globalization, the new possibilities to improve business management using computer
information systems and tools, and the increasing pressure from customers for products
with very competitive prices, high quality, great variety, short delivery times, and very good
after-sales service have forced companies to rethink their relations with their stakeholders
in the supply chain. A supply chain is a network of enterprises that collaborate during
the whole life cycle of a product or service, interchanging products, services, information,
and finances [7]. For this reason, the entire supply chain should be designed, managed,
and coordinated as a unique organization. An adequate Supply Chain Management (SCM)
must (1) optimize the interchange of information, goods, technology, knowledge, and
services; (2) to improve the sustainability of each company and the whole supply chain [8];
and (3) train supply chain employees to continuously improve supply chain business
processes [9]. Although SCM can be implemented in SC with a cooperative approach, there
is usually a company in the SC, called the focal company, that governs the supply chain,
provides direct contact with end customers; and has bargaining power over the other actors
in the supply chain [10].
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The main objective of SCM has been to achieve economic sustainability, based on
the premise that an integrated and efficient supply chain helps to increase the benefits of
all its members [11]. The social and environmental dimensions of sustainability, together
known as the triple bottom line [12], have only recently begun to be considered in the SC,
driven by increased societal and stakeholder pressures [13]. Markets and governments all
over the world demand environmentally friendly products that prevent a decrease in the
quality of life due to the exploitation of natural resources and pollution of the air [14]; green
products are welcomed more than nongreen ones at the same price [15]; and customers
and employees have become more committed to people’s rights and a growing movement
toward adopting social practices in the supply chain [16].
Therefore, there is a growing movement toward adopting social and environmental
practices in the supply chain [17–19]. The objective is to achieve, in addition to the eco-
nomic viability of the SC as a whole, social and environmental value that can benefit all
the stakeholders in the SC and not only the shareholders [20]. This vision based on moral
theories of sustainability aims to make supply chains truly adopt a moral commitment to
society and the environment by bringing to the attention of all SC stakeholders, both inter-
nal and external, its social and environmental impact, and its intentions and objectives in
this area. In this way, it is possible to audit and evaluate the level of real fulfilment of the SC
sustainability objectives more easily, avoiding inconsistencies between the given message
and the actions carried out [21]. It also makes it possible to avoid an instrumentalization of
sustainability and to prevent achievement of economic benefits from marginalizing and
prevailing over environmental and social objectives [22].
Therefore, one of the main challenges in SCM today is the integration of sustainability
principles in the supply chain, considering a multidimensional (the economic, environmen-
tal, and social impact) and multiscale approach (institutional, geographical, and temporal)
beyond the boundaries of the supply chain [23]. There must be an alignment between
sustainable practices and organizations’ strategies and capabilities to satisfy stakeholders’
requirements [24,25]. This is where the so-called Sustainability Supply Chain Management
(SSCM) concept appears.
2.2. SSCM Frameworks
The diversity of products and services provided by the supply chain [26], the geograph-
ical dispersion of the members of the supply chain with different legal regulations [27],
the necessity to measure the impacts of the supply chain upstream and downstream [28],
and the difficulty to obtain data beyond the supply chain [29] are the main obstacles hin-
dering effective SSCM. Therefore, SSCM needs methods, tools, models, and frameworks
to help managers in the decision-making processes [30]. In order to help overcome these
challenges, different frameworks for SSCM have been proposed in the literature. These
frameworks are mainly novel, which highlights that this field is new. A framework de-
scribes relationships between components, concepts, processes, data flows, aspects, or
features for certain domains to achieve a specific objective [31]. Frameworks are made up
of (usually interrelated) dimensions.
Existing SSCM frameworks are mainly oriented toward the assessment of corporate
sustainability using quantitative approaches based on indicators or qualitative approaches.
The majority of these frameworks are mainly novel and have been mainly developed by
academicians, which highlights that this field is new and the existing frameworks for
other domains have pitfalls. Different sustainability aspects are considered by the existing
SSCM frameworks, although each framework only focuses on a few and there are none
that cover all of them [6]. These aspects are: regulatory pressures/legal requirements; risk
management; information transparency; green purchasing; environmental management;
supply chain collaboration; eco-innovation; stakeholder pressure; corporate strategy; sus-
tainable product design; customer management; competitiveness; standardization; supplier
evaluation; supply chain; social responsibility; communication; certification; supply chain
integration; health and safety; data and knowledge; collaboration with suppliers; supply
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chain performance; sustainable process management; sustainable supply management;
supplier sustainability; global dispersion; financial; material; environmental supply chain
strategy; reverse supply chains government; industry associational competitors; cost pres-
sure; market position; corporate sustainability performance; learning; organizational size;
customer; green manufacturing; incentive alignment; firm sustainability; organizational
development; economic risks and disruption; waste; corporate policies; high degree of
complexity; natural resources; energy efficiency; human capabilities; organizational inte-
gration; employee; society; nongovernment organizations, consumption and production
patterns; training; rewards; supply chain reconceptualization; key performance indicators;
supplier; commitment; economic performance; ecological performance; and transparency
and resource efficiency.
Different studies prove that existing SSCM frameworks have various important weak-
nesses to be addressed, and therefore, there is room for new proposals. In sum, the main
shortcomings of the proposed frameworks can be summarized as follows:
(1) They have limited scope, as they have been proposed for the individual needs of
a specific industry or market sector. There is no generic framework for SSCM that
can be apply to all kind of industries, and it is necessary to develop one that can be
applied across all sectors [6,30].
(2) They are focused on solving specific aspects instead of adopting a holistic approach
that allows them to boost the economic, environmental, and social performance of the
supply chain [32].
(3) While some frameworks focus almost exclusively on the selection of indicators, others
value only qualitative aspects to determine whether an SC has a coherent orientation
toward sustainability. Therefore, they do not take advantage of the possibilities of
combining both methods [6].
(4) They lack a methodology that specifies which tasks must be carried out, who should
carry them out, which stakeholders should be involved, what technological system
must be implemented to support the qualitative and quantitative analyses, and
how to integrate the results of these analyses in decision making to improve the
sustainability of the SC. The SC sustainability assessment should serve to optimize
resources, improve processes, enhance product innovations, reduce costs, reinforce
productivity, and promote SC values [33].
(5) They do not describe how to use the possibilities of the new information and commu-
nications technologies such as Big Data Analytics (BDA) to generate information and
relevant knowledge about the current and future sustainability performance of the
SC from structured data and nonstructured data sources [34,35]
(6) The lack of verified Sustainable Supply Chain Management (SSCM) frameworks,
which raises a serious question on their applicability and has become a concern for
the practitioners [36].
2.3. Big Data and Sustainable Supply Chains
Over the last few years huge amounts of data have been (and will continue to be)
generated from different sources such as Internet of Things devices, social media platforms,
web applications, enterprise internal information systems, etc. These very large data sets,
known as Big Data, are defined by 7 V’s: Value, the processed data generate information and
knowledge to support decision making; Volume, very big amount of data; Velocity, data are
created, stored, and processed in real time; Variety, data are stored and processes in different
ways, types, and sources; Variability, data keep on changing constantly; Visualization, data
can be presented in many ways to the management for decision-making purposes; and
Veracity, degree of reliability of the information obtained [37].
Big Data Analytics are a set of tools, algorithms, simulations, and optimizations that
can be applied to Big Data in order to analyze them and to extract unknown, hidden, valid,
and useful relationships, patterns, and information [38]. This process allows organizations
to gain business insights [39–43], to guide decision making, to be more productive, and
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to produce a competitive advantage for companies [44]. BDA can be classified in three
areas: descriptive, predictive, and prescriptive. Descriptive BDA, such as online analytical
processing (OLAP), is used to identify current problems and opportunities; predictive
BDA focuses on discovering explanatory patterns using techniques and tools such as text
and data mining, sentiment analysis, pattern recognition techniques, natural language
processing, machine learning, and other artificial intelligence algorithms, etc., to identify
future trends; and prescriptive BDA uses mathematical algorithms to assess alternative
decisions [45].
Different studies have shown that BDA has a positive impact on helping organizations
to achieve social dimensions and economic benefits, while minimizing the environmental
impacts [46,47]. Therefore, Big Data is an essential tool in supply chain management
and will enable the development of sustainable supply chains in the future [48]. In fact,
insufficient Big Data Analytics capabilities and lagging behind the current trend in Big
Data technologies are considerable barriers to sustainable supply chains.
BDA allows one to collect and organize supply chain data from heterogeneous systems
distributed across organizational boundaries, analyze it, and visualize it intuitively to create
a proactive supply chain system and to support decision making (. BDA are being used in
different aspects of SCM such as to increase competencies and provide new capabilities [49],
to support world-class sustainable manufacturing [50], to predict the supply chain and
organizational performance [51], to improve flexibility in supply chain networks [52], to
reduce costs [53], to design sustainable ship routing and scheduling [54], or to assess
environmental efficiency [55].
BDA may be very useful for enhancing supply chain sustainability [56]. However,
practitioners have problems of how to connect sustainability and Big Data, especially
in supply chain management [45]. These problems can be synthetized in (1) a lack of
knowledge on integrating BDA with supply chain business processes and systems to
extract value; and (2) supply chain managers overlooking organizational aspects of BDA,
focusing on technological issues, and ignoring its requirements and strategic role, which
leads to ineffective BDA adoption [57].
Therefore, research investigating the link between sustainability and BDA as well as
supporting the decision-making process of supply chain managers is necessary [58–60].
3. SSCM-IRIS Framework
In this context, the IRIS (acronym of Integration and Re-Engineering) research group
at the University Jaume I (Castellón), has developed the Sustainable Supply Chain Manage-
ment framework (SSCM-IRIS) to support the sustainability project and the decision-making
process to achieve a sustainable supply chain using BDA and the balanced scorecard. The
framework was developed taking into account the findings of the literature reviewed
performed, because we want to take advantage of methods, tools, etc., proposed in the liter-
ature and the experience of the IRIS group members both as researches in the development
and implementation of frameworks and methodologies to support managers to innovate
in their organizations (some of them related with supply chains or the use of balanced
scorecard for business sustainability management) as well as their experience as managers
in companies.
The proposed framework is composed of six interrelated dimensions, which are
(Figure 1): methodology, organization, stakeholders, maturity model, human resources,
and technology. The main dimension of the SSCM-IRIS framework is the methodology,
which guides during the different tasks involved in the sustainability management of
supply chains. This methodology consists of phases, activities, and tasks. The remaining
five dimensions consist of different techniques, methods, and tools, which support each
task of the methodology. Therefore, in contrast to the other frameworks discussed in this
paper, the SSCM-IRIS framework does not focus only on sustainability assessment but also
pays attention to all the aspects (human, technical, or technological, for example) required
for the correct integration of sustainability in SCM.
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Figure 1. Dimensions of the SSCM-IRIS framework.
The SSCM-IRIS framework has been designed for SCs with a focal enterprise. If there
is no focal company in the SC, its role can be assumed by one of the SC companies, which
takes the initiative, or the decisions can be taken by mutual agreement among the different
partners. The completeness of the framework, its practical utility, and its level of detail
were validated through questionnaires answered by both academics and professionals who
are experts in supply chains and in enterprise sustainability and through a case study. The
SSCM-IRIS framework dimensions are explained below.
3.1. Methodology
The first dimension of the SSCM-IRIS framework is a methodology that defines
the phases, activities, and tasks that should be carried out to achieve the sustainability
management of the supply chain. In addition, the methodology identifies the support
that other dimensions of the framework offer to the development of the different tasks.
Tables 1–6 show the activities and tasks of the six phases of the methodology (Phase 1:
Project Plan, Phase 2: Vision Statement, Objectives and Strategy; Phase 3: Quantitative
Evaluation; Phase 4: Technological Implementation; Phase 5: Validation and Analysis
of Results; and Phase 6: Improvement Actions), along with the support that the other
framework’ dimensions offer to the execution of these activities and tasks. The details of
this support are explained in the following sections.
Table 1. Activities and tasks of Phase 1: Project Plan and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Feasibility Study Analysis of the financial, organizational,operational, and technological project viability
Human Resources: FI and PMO
Stakeholders: internal to the focal enterprise
Project Plan development
Commitment of the managers of the SC and
members of the SC
Definition of timeframe and sequence of the
project’s activities
Definition of quality control mechanisms
Human Resources: MSC and PMO
Stakeholders: internal to the focal enterprise
and the SC
Definition of project’s responsibilities
Creation of the project teams
Evaluation of team’s knowledge about
sustainability
Selection of team leaders and assignment of
their responsibilities
Schedule of follow-up meetings and training
program implementation
Human Resources: HRM, PMO, and SSCMT
Stakeholders: internal to the focal enterprise
and the SC
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Table 1. Cont.
Activities Tasks Related Dimensions
Development of Project Communication Plan
Make the project known to all the SC internal
stakeholders, stressing that the project will
have a positive effect on the SC by making
both the SC and the SC members more
competitive and sustainable
Explain how the SC companies are going to
be affected
Human Resources: SSCMT, HRM, and PMO
Stakeholders: internal to the focal enterprise
and the SC
Table 2. Activities and tasks of Phase 2: Vision Statement, Objectives, and Strategy and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Qualitative evaluation of SC companies
Interviews with managers of the
companies in the SC
Interviews with heads of department
Survey through online questionnaire
for other employees
Human Resources: MSC, ESC, and SSCMT
Stakeholders: internal to the focal
enterprise and the SC
Technology: Application web
Maturity Model: questionnaires and
interviews
Definition of SC sustainability objectives Senior managers of the companies inthe SC at meetings with the SSCM team
Human Resources: MSC and SSCMT
Stakeholders: internal to the focal
enterprise and the SC
Selection of external stakeholders Selection of external stakeholders basedon the objectives
Human Resources: MSC and SSCMT
Stakeholders: internal to the focal
enterprise and the SC
Selection of the sustainability strategy of
the SC
Senior managers of the companies at




Table 3. Activities and tasks of Phase 3: Quantitative Evaluation and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Sustainability Balanced Scorecard
(SBSC) development
Definition of objectives, goals, and indicators for
level 1 (economic, social, and environmental)
and level 2 dimensions (internal stakeholders,
external stakeholders, departments/business
processes, and resources).
Definition of objective cause-and-effect
relationships and indicators of cause-and-effect
relationships
Strategic map design
Assessment and validation with interviews and
questionnaires for the top managers of the SC
companies and external stakeholders
Human Resources: MSC and SSCMT
Stakeholders: all
Technology: Application web/Form
Maturity Model: questionnaires and
interviews, SBSC
Allocation of weights and
definition of the sustainability
index to measure level of maturity
Selection of panel of experts
Designation of the number of rounds
Definition of interview structure in each round
Definition of weights for each indicator
Definition of the sustainability index
Human Resources: MSC and SSCMT
Stakeholders: all
Technology: Application web/form
Maturity Model: Method Delphi,
sustainability index
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Table 4. Activities and tasks of Phase 4: Technological Implementation and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Design
Functional, technological and graphic design
Identification of data sources, procedures to
extract data and calculate each indicator,
language, format of the data, periodicity,
norms of conduct, standards of development,
etc.
Ontology development
Human Resources: PMO, ITD, and SSCMT
Stakeholders: internal to the focal enterprise
and the SC
Technology: BD-IRIS Framework
Select technology tools and suppliers
Hardware requirements
Selection of BI (ETL, DWH, OLAP, etc.), Big
Data and visualization tools
Selection of suppliers for installation, training
and/or consultancy
Human Resources: PMO, ITD, and FI




Design of the design architecture
Implementation of the DWH
Human Resources: PMO and ITD
Stakeholders: internal to the focal enterprise
Technology: ETL/DWH
Technology: BD-IRIS Framework
Software development for measurement of
indicators
Software installation
Develop and/or parameterize the appropriate
software for calculating the current value of
the indicators, and its predictive analysis,
using the BI and Big Data tools
Human Resources: PMO and ITD





Parameterization in the form of dashboards,
reports, etc.
Verification and validation (User Acceptance
Test)
Human Resources: PMO, ITD, SSCMT, and
MSC
Stakeholders: internal to the focal enterprise
Technology: BD-IRIS Framework
Table 5. Activities and tasks of Phase 5: Validation and Analysis of Results and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Quantitative analysis and maturity model
Get the value of each indicator
Diagnostic analysis
Predictive analysis
Determine current and future level of
maturity
Human Resources: SSCMT, MSC and FI
Stakeholders: internal to the focal




Table 6. Activities and tasks of Phase 6: Improvement Actions and support of other framework’ dimensions.
Activities Tasks Related Dimensions
Improvement actions
Definition and prioritization of sustainability
improvement projects
Communication of the affected chain to the companies
and to external stakeholders
Training in SSCM for staff and heads of department
Implementation of sustainability improvement projects
Share resources and information of SSCM practices
among the members of the SC
Establish control mechanisms
Human Resources: SSCMT, MSC, FI and HRM
Stakeholders: all
Organizational: SCI-IRIS methodology
The steps of the methodology are based on the Deming Cycle, also known as the
PDCA (Plan-Do-Check-Act) cycle, which proposes a process for continuous quality im-
provement and is widely used in management systems. It is a management philosophy
that seeks excellence from a continuous process of improvement [61]. On the other hand,
the participative process of different stakeholders in phase 2: Vision Statement, Objectives
and Strategy is based on the Back Casting methodology, which is considered a best practice
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in long-term planning in sustainability transitions [62]. Other activities and tasks are based
in the experience of the authors in the development of frameworks and methodologies to
innovate in organizations (see for example [63,64].
The tasks can be carried out sequentially (as in the waterfall mode) or in an iterative
way. In this case, the whole project can be split into different parts, for example different
areas of sustainability. Then, each part is carried out following the waterfall mode, and
each part begins when the previous part has finished.
If there is a focal company in the SC, the scope of the project depends on the current
level of sustainability of the focal company and its future vision, which can be truly
sustainable or only sustainable in certain areas. It is foreseeable that truly sustainable
focal companies will probably also try to achieve total sustainability in their supply chain.
However, focal companies classified as sustainable only in certain areas could choose to
remain in that status and proceed with the intention of ensuring that their supply chain
is also classified as sustainable only in those areas. In this case, the determination of the
stakeholders, mainly those external to the supply chain, the quantitative analysis of the
current state, and the subsequent improvement actions, of both the focal company and its
supply chain, focus only on those areas. For example, if a focal company aims to improve
only its environmental sustainability, the external stakeholders would be environmental
NGOs, academics, and professionals who are experts in environmental sustainability,
etc. In the event that there is no focal company in the SC, its role can be assumed by
one of the SC companies, or the decisions can be taken by mutual agreement among the
different partners.
Once the qualitative and quantitative assessment of the supply chain has been carried
out, one of the partners in the supply chain may have an unacceptable attitude toward
sustainability and/or have an insufficient performance at a quantitative level. In this case,
the focal company (or the rest of the members of the supply chain if there is no focal
company) has two alternatives available to it. On the one hand, the focal company can
decide on an inclusive strategy that involves helping the nonsustainable company, sharing
sustainability information, tools and resources, and stimulating the implementation of
sustainable improvement projects. On the other hand, the focal company can decide on an
exclusionary strategy and replace this partner with another enterprise that meets the SC
sustainability objectives and values.
3.2. Human Resources
The objective of this dimension is to identify all the Project teams—made up of
employees from the SC companies—that will participate in the planning, execution, and
decision making of the SSCM implementation project. The Project teams are as follows:
Managers of the SC (MSC). This group is composed of the top managers of the SC: CEO,
department directors, and executive directors. Their participation will be decisive for the
sustainability objectives and strategy statement, as well as for designing the sustainability
balanced scorecard. Depending on the task, all of them or only the CEOs and executives
will participate.
Employees of the SC (ESC). This group is composed of the other SC employees.
Project Management Office (PMO). The project management team will be responsible
for planning and forecasting the feasibility of the SSCM project, as well as managing it by
coordinating the different Project teams, technology providers, and other possible human
resources external to the SC.
Finance (FI). The main function of this Project team will be to study the feasibility of
the SSCM project in collaboration with the PMO team project, as well as to participate in
the selection of suppliers from the financial point of view, and in the economic viability of
the sustainability improvement projects.
Information Technology Department (ITD). This Project team will carry out the tech-
nological implementation of the SSCM by installing, developing, and parameterizing
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the database, ETL/DWH, Big Data, and visualization tools, as well as by providing the
questionnaires and storing the results in a database.
The PMO, the FI, and the ITD Project teams will be made up of personnel from the
focal company and, if necessary, by employees of other SC members. The ITD may have to
be completed with people from outside the SC, depending on the tools selected and the
knowledge that the people from inside the SC have of them.
Human Resources Managers (HRM). This Project team will consist of employees of
the different Human Resources departments of the SC companies. Its main objective will
be to evaluate the available human resources and look for the necessary resources inside
or outside the SC to carry out the project. It will also be responsible for coordinating
the training of the Project teams at the start of the project on SSCM issues, and the SC
employees’ training when the improvement actions are implemented.
SSCM Team (SSCMT). This is a multidisciplinary team made up of SC staff with
experience, training, and/or an interest in sustainability and can be completed with people
from outside the SC if the necessary profiles do not exist. The SSCM will be composed of a
Project Manager (PM) to coordinate the available resources and to carry out the planning
and execution of those tasks in which surveys and questionnaires are used; sustainability
specialists to advise the MSC on matters of sustainability, to help to define the SC vision,
strategy and objectives, to design the SBSC, or to execute different project activities such as
qualitative evaluation; and communication specialists.
3.3. Stakeholders
Supply chain sustainable practices, strategies, and capabilities must be aligned to
satisfy stakeholders’ sustainability requirements. However, these requirements and the
supply chain stakeholders can change due to the dynamic environment. For this reason, the
participation of supply chain stakeholders is needed in different phases of the methodology.
This dimension aims to identify all the stakeholders in the supply chain. According to [65],
they are classified as internal and external stakeholders:
Focal company internal stakeholders: employees, executives, shareholders, and investors.
They are involved in all the tasks, although in some tasks not all of them are involved.
Supply chain internal stakeholders: employees, executives, shareholders, and in-
vestors of the other SC companies. They are involved in all the tasks (although in some tasks
only some of them participate), apart from the selection of technological tools, the develop-
ment of the DWH-SSCM, and the development of the diagnostic and predictive software.
Supply chain external stakeholders: This category depends on the SC. Possible ex-
ternal stakeholders are final consumers, citizens, suppliers external to the SC, financial
institutions, trade unions, overnment, local communities, media, competitors, academics
and practitioners who are experts in the SC sector market, associations, and NGOs. They
participate in the selection of the SC sustainability strategy (for example by assessing the
suitability of an inclusive or exclusive strategy to improve the SC sustainability); Creation
of the sustainability balanced scorecard, and definition of the sustainability index to mea-
sure the maturity level (academics, practitioners, representatives of NGOs, and public
administrations, or experts in sustainability matters may be required to define the SBSC
objectives and indicators or to define the allocation of weights); and improvement actions
(the improvement actions carried out by the SC will be disclosed to them).
3.4. Maturity Model
The development of robust mechanisms for supply chain performance measurement
have been identified as an integral step needed for the transition toward sustainable supply
chain systems [66]. A maturity model defines objectives and indicators to identify at which
level a system or company can be situated (within a certain area), and also a set of action
plans to advance to a higher level of maturity [67]. The maturity model dimension of
the SSCM-IRIS framework enables users to analyze the current situation and perform a
diagnosis to identify sustainability problems as well as opportunities for improvement. The
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maturity model dimension is structured in three stages: qualitative assessment, quantitative
assessment, and determination of the maturity level.
Qualitative assessment. The first step to improve SC sustainability is to know, through
a qualitative assessment, what the vision of the focal company is as it regards to its
own sustainability performance, as well as the SC sustainability performance. The result
establishes where the SC stands, where it is actually going, the goals to be reached and the
strategy to be followed, and the analysis of its culture, level of organization, and internal
control. For example, it determines whether the scope includes all the three pillars of
sustainability (economic, socialm and environmental) or just some of them.
In order to perform the qualitative assessment, two types of techniques are proposed:
open-ended interviews and questionnaires. To get information directly from managers and
employees of the SC, in the SSCM-IRIS framework, we propose the use of a semistructured
interview. There are two types of semistructured interviews. On the one hand, we have
semistructured interviews to the Board, whose goal is to identify their degree of respon-
sibility and commitment regarding sustainability, as well as whether they are interested
in pursuing the implementation of a total sustainability model within the SC or only a
partial approach. On the other hand, we have semistructured interviews to Heads of
Department, aimed at knowing the extent to which they have a clear understanding of the
sustainability goals set by the executive board of the SC companies. Likewise, they are also
designed to determine whether there is a well-defined corporate structure that supports
the optimal achievement of these objectives. The questions regarding the degree of clarity
of the goals can be more direct, while the questions regarding corporate structure could be
combined with spontaneous questions, given the variety of aspects that can be approached
(roles, communication, reward scheme, monitoring, etc.). Table 7 shows an example of the
interview questions.
Table 7. Example of interview questions.
Semistructured interview questions to the Board
1. What is the vision of the Supply Chain regarding financial, environmental, and social sustainability?
2. Rate from 1 to 3 (1 being the highest) the relative importance that each aspect of sustainability has for the supply chain.
3. What actions are being taken in order to reach the SC sustainability objectives?
Semistructured interview questions to Heads of Department/Managers
1. Are you aware of your supply chain’s vision regarding sustainability?
2. What are the supply chain’s goals with regard to financial, environmental, and social sustainability?
3. Have the specific sustainability goals been well defined in your department/company/SC?
4. Does your department staff know what their sustainability goals are and how to reach them?
5. Are you aware of your role and your own goals in sustainability and how to reach them?
6. Have you ever been trained in sustainability?
7. Have your staff ever been trained in sustainability?
8. Is there a system that rewards employees who actively pursue the improvement of sustainability in the supply chain?
In addition, to find out how much the other SC employees know about the SC sus-
tainability goals and the corporate structure provided by the SC to reach these goals, a
questionnaire is administered with three possible answers: Yes (Y), No (N), Don’t Know
(DK). This questionnaire, besides confirming whether the goals are clear enough for all
members of the SC, also identifies the coherence between the goals and the resources
provided by the focal company and the other members of the SC.
Quantitative Assessment. The qualitative assessment must be complemented with a
quantitative assessment. Insodoing, it is possible to accurately determine the level of
sustainability of the SC, the necessary improvement actions related to every aspect of
sustainability, and to follow up the degree of achievement of the planned goals once the
improvement actions have been implemented. The quantitative assessment is able to
answer questions such as the following: Have the actions to improve sustainability in the
SC been defined and carried out properly? Will the SC sustainability goals be achieved in
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the near future? Will the SC level of sustainability improve if we keep the nonsustainable
companies as a part of the SC? Will the SC level of sustainability improve if we replace
those companies?
The quantitative analysis is based on a set of indicators that show the impact of SC
sustainability and make it possible to verify to what extent the SC sustainability objectives
have been achieved. Hence, the indicators must be aligned properly with the SC sustain-
ability strategy and objectives. On the other hand, the indicators must be identified in an
organized fashion. One of the most suitable methodological tools for this is the Sustainable
Balanced Scorecard (SBSC) [68]. The SBSC is an evolution of the Balanced Scorecard [69],
applied to the supply chain [70], which includes sustainability aspects [71]. The SBSC
allows the identification of objectives and indicators taking into consideration different
dimensions of sustainability (such as economic, social, or environmental), decisional levels
(strategic, tactical, and operative), enterprise departments/business processes (marketing,
finance, operations, store, production, purchases, administration, etc.), members of the
supply chain (raw material provider, manufacturer, distributor, etc.), or stakeholders (em-
ployees, customers, public administrations, etc.). The SBSC has a hierarchical structure and
identifies cause-and-effect relationships among objectives and indicators, which makes
it possible to analyze the impact of SC sustainability and the sustainability impact of a
specific member of the SC, or to descend down to the process or task level to identify those
that fail to meet the desired standards of sustainability.
Figure 2 shows the structure of the SBSC proposed within the SSCM-IRIS framework
for an SC. This SBSC has two levels. The top level has three perspectives that correspond
to the three sustainability dimensions, and the bottom level has four perspectives that
correspond to the internal stakeholders, external stakeholders, resources, and business
processes/departments. First of all, economic, social, and environmental SC objectives
are defined on the three decisional levels (strategic, tactical, and operative), together with
indicators to measure their degree of achievement. Then, there is the bottom level, which
defines the objectives and indicators for the four perspectives. Bidirectional linkages are
defined among the perspectives inside each level, since all of them are considered to have
the same importance for sustainability. For example, there can be financial objectives
that can help to achieve social objectives and vice versa. The same happens among the
perspectives on the bottom level. On the other hand, the objectives of the top level define
the bottom level objectives, and the indicators of the bottom level are data that are used
to calculate the top level indicators. A graph of these cause-and-effect relations should be
created in an SBSC strategic map.
Figure 2. SBSC structure proposed for a supply chain.
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The definition of objectives and indicators within the SBSC depends on the SC activity
market sector. The indicators proposed by international initiatives and organizations such
as the Global Reporting Initiative (GRI) or the United Nations division for sustainable
development can be taken as a reference. Furthermore, the SSCM frameworks proposed
in the existing literature that include a set of indicators to measure specific aspects of
sustainability can also be used. Choosing the indicators requires the collaboration of
internal stakeholders from both the focal company and the rest of the SC members, as
well as the external stakeholders such as representatives from NGOs, local associations,
government, etc. This could be performed by means of a semistructured interview model.
Once the indicators have been selected, it is necessary to define the method of calcu-
lation, the related objectives, the unit to be used, the data that make it possible to obtain
the indicators (they may be numerical data, documents, video, audio, text, posts, etc.),
the data sources (both internal and external to the SC, and both tacit, such as employees,
customers, etc., or explicit), how frequently the indicator must be calculated, and the form
of presentation.
Unlike traditional balanced scorecards, the proposed SBSC does not focus on measur-
ing only the past impact of SC sustainability from structured internal SC databases using
business intelligence tools. Big Data analytical techniques are also used to extract value
from unstructured data sources that are internal and external to the SC. Therefore, the
SBSC can be used to extract unknown, hidden, valid, and useful relationships, patterns,
and information that can be used to explore, discover, and predict the current and future
impact of SC sustainability.
Maturity level. The quantitative assessment allows the global SSCM maturity level of
the SC to be set (Table 8). To do this, it is necessary to define the weights of each indicator.
Multiple methods have been proposed in the existing literature both to set the weights
of the indicators and to calculate the sustainability index. We recommend the proposal
by [72] because they use the Delphi method, which is well known and commonly accepted
among the scientific community.
Table 8. SSCM maturity levels, based on the five levels of the theory of moral sustainability [21].
Level Description
Level 0: No sustainability None of the SC companies meet the sustainability levels in any of itsdimensions—financial, environmental or social.
Level 1: Partially sustainable in specific areas
Some of the companies in the SC have a good sustainability performance in one or
several of the dimensions of sustainability but not in all of them or in the
same dimensions.
Level 2: Sustainable in specific areas All the SC companies have a good sustainability performance in one or several ofits dimensions.
Level 3: Partially sustainable
Some of the companies in the SC meet the sustainability goals in all its dimensions,
but other companies either fail to meet the goals in all the dimensions or do not
meet any of the goals at all.
Level 4: Totally sustainable
All the SC companies meet the sustainability goals in all its dimensions. Vision,
goals, corporate structure and employees are aligned to work to achieve a total
sustainability—financial, environmental, and social.
3.5. Organizational
Once the data to calculate the indicators have been collected, each indicator has been
measured, and the SC sustainability index has been obtained, it is time to check whether
the SC sustainability objectives are being achieved, by identifying the SC companies and
processes that need to improve their sustainability performance. To perform this analysis,
the Supply Chain Integration IRIS (SCI-IRIS) methodology [71] is used. This instrument
allows for (1) the redefinition of the goals (mission, vision, and strategy) and culture
(policy and values) of the whole SC and the SC members, by taking into account the
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findings of the qualitative evaluation of sustainability; (2) the re-engineering of internal
and external SC business processes to achieve the sustainability goals. Throughout the
redesigning of the business process, the current AS-IS SC sustainability impact identified in
the quantitative assessment is taken into account, together with recognized standards such
as ISO 9001, ISO/TS 16949, ISO 14001, EMAS, OHSAS 18001 regulations, etc.; (3) training
in sustainability and the reorganization of human resources along the SC; and (4) the
implementation of the improvements and monitoring of the outcomes. The result is
the proposal of a set of medium and long-term SC sustainability improvement projects
arranged in order of priority and aligned with the desired future sustainability situation
(TO-BE). Traditional cost/benefit, social, environmental, organizational, technical, and
operational aspects are considered to carry out a feasibility analysis and to establish the
priority of projects.
The SC sustainability improvement projects may affect several companies in the SC,
and they can have a strategic scope (for example, different scenarios regarding the SC
structure can be simulated to establish where to locate the manufacturers so as to balance
emission rates and labor and operating costs), a tactical scope, or an operational scope. At
this point, the focal company can take two different approaches: active or passive. If it takes
a passive approach, the focal company informs SC companies about their low-sustainability
performance and gives them the opportunity to improve their sustainability index before
the next assessment cycle. On the other hand, if the focal company decides on the active
approach, it carries out actions such as:
Organizing joint meetings among the focal company, the affected companies, and
external SC stakeholders to coordinate and implement the improvement actions.
The focal company could promote the sharing of knowledge on sustainability best
practices with the SC companies.
Promoting training in sustainability for employees of the SC companies.
Stimulating positively (by agreeing long-term relationships with companies whose
maturity level is 3 or 4) or negatively (by warning those companies with a maturity level of
0 or 1 about the possibility of them being replaced).
Finally, the focal company might choose to look for new partners that could improve
the supply chain sustainability by replacing the questioned companies, if these companies
have not applied the proposed sustainability improvement projects properly. The same
indicators (and Big Data techniques) used in the SBSC to assess the SC companies can
now be used to evaluate the new partners. This would make it possible to verify, for
example, that in the past these new partners have not performed harmful practices that
could damage the SC Brand.
3.6. Technology
In order to perform the quantitative assessment, it is necessary to develop a computer
information system. This system is used to identify, extract, clean, store, process, and
distribute the data needed to generate the indicators applied in the quantitative assessment.
To build the computer information system, the SSCM-IRIS framework follows the steps
recommended by the BD-IRIS framework for the implementation of a Big Data ecosystem
in Companies [63]. These steps are: (1) Content. In this step, location, format, and the
source of the data are identified, and the most significant specific data are selected. Sources
can be structured, from internal relational databases of the information systems of the sup-
ply chain enterprises such as Enterprise Resource Planning (ERP), Customer Relationship
Management (CRM), Supply Chain Management (SCM), etc., or from external relational
databases, and may also be unstructured. These unstructured data sources can be internal
to the supply chain (sensor data, internal Web 2.0 tools, e-mail messages, log files, machine-
generated data, transaction records, etc.), as well as external applications such as online
social networks, websites, open data, wikis, GPS, etc. (2) Acquisition. In this step, data are
obtained from their respective sources. Patterns, filters, and preprocessing methods are
applied to raw data to transform them into an easily and effectively processable format.
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Different methods can be used, such as sampling (a representative subset is selected from a
large data set), transformation (modifies the data to fit a particular type of input), denoising
(eliminates the noise existing in the data), or normalization (organizes data to allow a more
efficient access). On the other hand, to avoid semantic problems, it is essential that all
supply chain members interpret the knowledge related with the supply chain sustainability
in the same way. This semantic problems may appear due to the different background of
the people involved in the supply chain decisions making such as finance, accounting, cor-
porate governance, management, information systems, performance, etc., and the different
language and cultural context. Therefore, their interpretation of concepts is not always
identical. A solution for this is to develop an ontology of the sustainability knowledge
domain of the supply chain. The ontology facilitates the knowledge search, discovery,
and sharing [73]. (3) Enhancement. In this step, the collected data are endowed with
value, by applying the transformations needed to calculate the sustainability indicators.
When necessary, different BDA can be used. These BDA are applied to discover unknown
relationships and patterns from structured and unstructured data. These techniques allow
one not only to calculate the current sustainability impact of the supply chain, but they also
allow one to predict the future sustainability supply chain behavior from historical and
current data. Different artificial intelligence algorithms can be used to make predictions,
such as logistic regression, random forest, and decision trees, among others. In addition,
the metadata are also generated, which simplifies the execution of queries or operations.
These new metadata, information, and knowledge are stored in a Sustainable Supply Chain
Management Datawarehouse (DWH-SSCM) for diagnostic and predictive analyses that
support the quantitative assessment and decision-making to improve the SSCM. (4) Inquiry.
In this step, the data and metadata stored in the DWH-SSCM are accessed, mainly through
queries using Structured Query Language (SQL). (5) Visualization. In this step, the results,
including the interpretation of the meaning of the information that has been discovered,
are shown to the users through dashboards, reports, alerts, etc.
The Sustainable Supply Chain Management Datawarehouse is implemented at the
focal company. The DWH-SSCM stores all the data extracted from the different data
sources that make it possible to obtain the values of the different indicators, as well as the
information and knowledge generated. In the DWH-SSCM, there is always an updated
copy (depending on the frequency of data refresh) of the data available in each of the data
sources used. Data from semistructured and unstructured data sources cannot be managed
efficiently by relational databases, since this requires building an index for unstructured
data, balancing the data integrity and access efficiency, or storing data with flexible and
variable structures. To deal with this problem, NoSQL and NewSQL databases can be used.
Apart from the technological implementation, another important question regarding
this computer information system is that it deals with sensitive data. To manage such
data, the focal company must consider the risks and its obligations when processing and
distributing these data. In order to protect personal identification information, different
methods such as anonymization, encryption, use of pseudonyms, encryption keys, or
data dissociation could be used. On the other hand, different security actions should be
taken into account, such as designing the system to identify and mitigate cyber threats or
ensuring that the authentication of users is robust.
4. SSCM-IRIS Framework Validation
Once the framework had been developed, the next step was to validate and improve
it. It consisted of two phases: expert assessment and a study case.
4.1. Expert Assessment
The practical utility, completeness, and level of detail of the framework were validated
through questionnaires answered by both five academics and three professionals (one man-
ager of a transport company and two belonging to a consulting company) with extensive
experience in the field of supply chains and enterprise sustainability. The method used for
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the qualitative evaluation consisted of an initial presentation explaining the framework,
and after that, the opinions of the experts were collected through interviews, which were
individual, open (allowing any response), and semistructured (questions and were used as
a script, but there was no established order, and improvisation was allowed by both the
interviewer and the interviewee). The experts did not use the framework with a particular
data set; instead, their opinions were based on their knowledge and experience.
Each of the interviews was carried out by a single interviewer, who interviewed all the
experts. Each of the interviews lasted approximately 45 min. Interviewees were asked about
the framework utility, completeness, and comprehensibility; the adequacy of its structure
and organization in six dimensions; the level of detail of the phases of the methodology; the
accuracy of the relationship among the phases and activities of the methodology and the
other dimensions; the mistakes they had encountered; and their suggestions for improving
the framework. Professionals were also asked to compare and contrast the SSCM-IRIS
framework with the heuristics procedures that they use in their companies to identify the
main strengths and weaknesses of SSCM-IRIS framework. The interviewer took notes
and wrote a report based on the interviewees’ responses. Subsequently, each report was
validated by the corresponding interviewee to avoid misunderstandings. The validated
reports were analyzed individually by two researchers, identifying the strengths of the
framework and studying both the weaknesses detected and the suggestions proposed to
improve the framework.
Interviewees corroborated the framework as a useful tool for sustainability man-
agement in supply chains, acknowledging, with minor improvement suggestions, their
utility, completeness, accuracy, level of detail, and comprehensibility. They highlighted the
capacity of the framework to be applied to different kinds of supply chains; the holistic
approached adopted; the inclusion of a methodology to guide during all the project life
cycle; the level of detail in each phase of the methodology; the structure proposed to
organize the SBSC objectives and indicators; the consideration of indicators obtained by the
use of Big Data techniques; the proposal of a computer architecture to support the SSCM
implementation; and the overall understanding of the project that the framework offers.
On the other hand, the main shortcomings identified were: the lack of definition of quality
control mechanisms; and the necessity of a prior evaluation of team’s knowledge about
sustainability. The framework was modified according to these experts’ suggestions.
4.2. Case Study
After the experts’ evaluation and improvement, the framework was applied to a case
study to (1) validate its usefulness and (2) to improve it with the feedback obtained. A
work plan based on [74] was followed, which consists of five phases: case study design
and planning; preparation for data collection; collecting evidence; analysis of collected
data; and calidation of collected data.
Case study design and planning. The aims of the case study are: (a) to validate the
SSCM-IRIS framework by verifying and confirming its usefulness, accuracy, and quality,
and (b) to refine and improve the framework developed initially from the experience
acquired by the researchers, the feedback obtained from the company involved, and the
conclusions drawn in the case study.
The research work was conducted over a period of 6 months. The first task was to
select the company in which the case study was to be applied. The criteria underlying the
selection of this company were essentially: (1) a willingness to collaborate in the research,
and (2) the fact that the management of this company was considering the idea of operating
in a zero-emission full-lifecycle supply chain. To do this, the company wanted to develop
new, more sustainable, and efficient solutions for the mobility and transport sector, working
in partnership with its customers and business partners. The selected company was a large
international logistics company, a market leader in automotive logistics. The company has
around 10,000 employees in several countries worldwide. Total income for 2018 was more
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than USD 4 billion. They operate more than 100 vessels servicing 15 trade routes to six
continents, together with a global inland distribution network.
Preparation for data collection. To begin the research work, an introductory series of
group interviews was held in the company. The presentation focused on both the basic
points of a sustainability supply chain project and the explanation of the framework that
was going to be used (initial version of the SSCM-IRIS framework).
In order to undertake all the research tasks during the application of the framework in
the company, a mixed work team was set up with members that came from the IRIS research
group and the company SSCM management team. The company SSCM management team
was made up of staff members of the company such as the Vice Presidents of Sustainability,
of Operations, and of Digital Transformation, as well as representatives of other companies
of the supply chain internal stakeholders with some specific weight in their companies,
such as the ship owner representative, the inland distribution representative, and the
marine terminal representative. The purpose of the mixed work team was to be responsible
for making decisions about all issues related to the project.
Collecting evidence. The data collected were the results of applying the different stages
of the SSCM-IRIS framework’s methodology to the company. According to the SSCM-IRIS
framework’s methodology, the application of the SSCM-IRIS framework followed this
sequence: (1) the viability of the project was studied; the Project Plan was developed; the
project’s responsibilities were defined; a Project Manager was appointed as being responsi-
ble for the whole project management; and the Project Communication Plan was developed.
(2) Through qualitative evaluation the supply chain strategy was defined. It was decided
to consider the three pillars of sustainability (economic, social, and environmental). (3) A
Sustainability Balanced Scorecard (SBSC) was developed, defining objectives and indicators
to measure them, together with the location of weights and definition of the sustainabil-
ity index to measure the supply chain sustainability level of maturity. Figure 3 shows
a sample of the supply chain strategic map with objectives for level 1 (economic, social,
and environmental) and level 2 dimensions (internal stakeholders, external stakeholders,
departments/business processes, and resources), and their cause-and-effect relationships.
Table 9 shows a sample of indicators to measure the objectives achievement. (4) the techno-
logical infrastructure to support the quantitative evaluation was designed and developed.
A Datawarehouse was implemented to gather all the relevant data to calculate most of the
operational and financial indicators (fuel consumption, speed, costs, revenues, etc.) from
the computer systems (ERPs, CRM, SCM, etc.) of each member of the supply chain. In
addition, a pipeline was implemented to gather external semistructured and unstructured
data generated outside the company through web scraping from open-source social media
sites such as Twitter and Facebook. These data allowed the company, for example, to
know about the satisfaction of its customers, if its competitors had implemented or were
developing sustainability initiatives, and the opinion of experts and the general public
about its products and services. These sources were linked, and only the data that were
useful to obtain the required indicators were collected using the appropriate filters and
patterns. To process these data, different Big Data techniques were used. For example,
sentiment analyses were used to extract and analyze the public’s mood and views about
a product/service. The Big Data tools used were a combination of a commercial data
analytics software and some free-distribution software for customization purposes. (5) The
indicators were obtained, and therefore, it was possible to determine the supply chain
sustainability performance and its maturity level. (6) Finally, supply chain sustainability
improvement projects were defined, prioritized, and implemented, such as:
• Vessel speed optimization
• Vessel consumption reduction
• Terminal capacity optimization
• Sustainable supply chain awareness global training
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Figure 3. Example of the supply chain strategic map.
Table 9. Example of indicators to measure the objectives achievement.
Perspective Indicator Units
Environmental
Carbon footprint decrease metric tons of CO2e
Fuel consumption reduction Metric tons
Speed reduction Knots
Economical
Increase in profit USD million
Cost reductions USD million
% New contracts %
Social
Customer satisfaction survey 0–10
Employee satisfaction survey 0–10
Social media sentiment Bad-Good
To collecting evidence about the results of applying the SSCM-IRIS framework’s
methodology to the company, qualitative data were used, which were collected through
direct methods (using an assortment of questionnaires and templates) and independent
methods (copies of the documents and reports used in the company). The questionnaires
were answered by members of the company SSCM management team during individual
interviews, once the implementation of each one of the phases that compose the SSCM-IRIS
methodology had finished. It was done in this way to solve unforeseen problems and to
consider improvement suggestions before starting the next phase. These interviews lasted
approximately 20 min and were open (thus allowing interviewees to give a wide range of
answers) and semistructured (the questions were planned only as a guide, not to be asked in
that same order, thereby allowing both the interviewers and the interviewees to improvise).
The aims of these interviews were: to analyze the execution of the phase; to obtain feedback
about the experience and the observations of each manager in each phase; to detect errors;
and to collect proposals for improvement to the SSCM-IRIS framework from each of them.
There was a different questionnaire for each phase, and those questionnaires were common
to all interviewees.
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Analysis of collected data. In this case, the analysis was inductive and was carried out
parallel to the data collection, as it was performed after each of the stages that make up the
SSCM-IRIS framework’s methodology had finished. The purpose of this was to be able to
react quickly to the assessments encountered during the analysis of each stage and thus
rectify each one of them and take advantage of these improvements in the following stages.
This analysis of collected data allowed for the improvement of the framework with the
suggestions by modifying/incorporating/removing phases, tasks, tools, etc. Finally, the
final version of the framework was validated with the general agreement of the SSCM
management team.
As a result of the application of the SSCM-IRIS framework in the company, members
of the company SSCM management team have pointed out that the SSCM-IRIS framework
has enabled them:
- To obtain a good view of the project scope and consequences, as well as to improve
the sustainability of the supply chain quickly and without serious problems
- To perfectly control the project, because all the activities to be carried out during the
whole project life cycle were clearly defined, and the rest of the dimensions of the
framework gave suitable support to the execution of these activities
- To achieve all the goals set out at the beginning of the project and to accomplishe the
timespan initially established without significant deviations
- To clarify and update the strategy for the environmental, social, and economic sustain-
ability of the supply chain, considering the situation of each enterprise that belongs to
the supply chain
- To communicate the sustainable strategy throughout the supply chain members
- To align enterprises, unit, and individual goals with the supply chain
sustainability strategy
- To link objectives to long-term targets and annual budgets
- To conduct periodic sustainability performance reviews to measure the sustainabil-
ity objectives achievement and to develop actions plans to improve the supply
chain sustainability.
- To generate new information using Big Data to measure the sustainability performance
of the supply chain from structured and unstructured data sources, both internal to
the supply chain and external.
Not all the comments were positive, but negative comments were considered to
improve the methodology. Examples of these negative comments were the necessity of:
• Ensuring data security to avoid that different external stakeholders can access
sensitive data.
• Involving more stakeholders in the different stages of the validation.
• Improving accuracy/communication of sentiment analysis method.
A comparison of the value of some indicators 8 months after the application of the
SSCM-IRIS framework was performed (Figure 4). In this comparison, some significant
improvements can be observed due to the implementation of action plans to improve the
sustainability of the supply chain. The most significant are: carbon footprint decrease
(7%); fuel consumption reduction (9%); speed reduction (4%); increase in profit (6%); cost
reductions (10%); increase in customer satisfaction (18%); increase in employee satisfaction
(32%); and invoiced amount (13%). On the other hand, it is important to take into account
the costs required for implementing the framework at the company, because they affect
the returns of the investment. These costs can be classified in three categories: Human
Resource costs, which are related with the time that the different members of the project
teams have dedicated to the project; business intelligence development costs, which are
related with the SBSC implementation; and re-engineering costs, which are related with
the investments to change the different business process.
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Figure 4. Improvements after the application of the SSCM-IRIS framework.
Validation of collected data. As the data collected were qualitative, they were analyzed
using qualitative data methods of analysis. The threats to the validity of the case study were
reduced using the Lincoln and Guba model [75], in which five strategies are proposed for
use in data collection to tackle three types of threats to validity. The three types of threats
considered were reactivity (the researcher’s presence can affect the setup of the study),
researcher bias (the researcher’s preconceived ideas can affect the way the researcher asks
questions or interprets answers), and respondent bias (the researcher’s influence on the
attitude of the people being studied).
5. Discussion
5.1. Theoretical Implications
In this paper, a framework called SSCM-IRIS is proposed, which facilitates the task of
sustainability management in supply chains. The framework has been validated through
questionnaires by both academics and practitioners who are experts in supply chains and
in enterprise sustainability, and through a case study. Experts highlighted the capacity of
the framework to be applied to different kinds of supply chains; the holistic approached
adopted; the inclusion of a methodology to guide during all the project life cycle and
the level of detail in each phase of the methodology; the structure proposed to organize
the SBSC objectives and indicators; the consideration of indicators obtained by the use
of Big Data techniques; the proposal of a computer architecture to support the SSCM
implementation; and the overall understanding of the project that the framework offers.
These positive comments were corroborated by members of the SSCM management team
of the company where the SSCM-IRIS framework was applied, who in addition added that
the results obtained in the application of the SSCM-IRIS framework to the company were
satisfactory, as all the goals set out at the beginning of the project were achieved and the
initially established timespan was accomplished without significant deviations.
Therefore, the SSCM-IRIS framework innovates and contributes to the state of the art
of the frameworks for supply chain sustainability in the following way:
(1) The proposal of a methodology dimension, which integrates sustainability assessment with
sustainability improvement projects. None of the existing frameworks include a method-
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ology to guide during all the activities in the whole Supply Chain Sustainability
Management project life cycle, which integrates the assessment of sustainability with
the action plans to improve SC sustainability. As a result, big opportunities to make
improvements in SC sustainability can be missed [33]. In contrast to existing frame-
works, the SSCM-IRIS framework guides during the whole project life explaining all
the phases, activities and tasks that should be done and how and by whom, from
the SC sustainability strategy definition till the business processes reengineering to
improve the SC sustainability.
(2) The combination of qualitative methods for sustainability objectives and strategy planning
definition with quantitative methods to assess if all the SC companies meet their goals in
all sustainability dimensions and at different levels. As [6] state, the qualitative and
quantitative approaches for sustainability assessment are not combined in existing
frameworks; therefore, they do not benefit from the advantages of combining both
types of assessment.
(3) The SSCM-IRIS framework can be applied to any kind of SC. The majority of existing
frameworks are addressed to a specific type of supply chain, usually from the manu-
facturing industry [76,77], which limits their validity for other supply chains.
(4) The SSCM-IRIS framework adopts a holistic approach through a Sustainability Balanced
Scorecard that allows the SC environmental, social, and economic sustainability performance
to be analyzed and improved. This is an important lack of existing frameworks that
are mainly focused on specific sustainability issues instead of adopting a holistic
approach that would enable them to improve all the SC environmental, social, and
economic sustainability performance [32].
(5) The SSCM-IRIS framework improves the analysis of the impact of SC sustainability, as well as
the SC future impact using Big Data analytics. Unlike existing frameworks that focus on
measuring only the past economic, social, or environmental impact of the SC [34,35],
the SSCM-IRIS framework provides the design, architecture and software necessary
to take advantage of the possibilities that the new technologies, such as Big Data, offer
to improve the diagnostic analysis and to carry out a predictive analysis of the future
impact of the SC sustainability.
(6) The framework was applied to a case study. This is an important advantage over other
existing frameworks because there is a lack of verified Sustainable Supply Chain Man-
agement (SSCM) frameworks, which raises a serious question on their applicability
and has become a concern for the practitioners [36].
5.2. Managerial Implications
This work presents some interesting outcomes which can be helpful for supply chain
managers. Firstly, the SSCM-IRIS framework attempts to offer managers a prescriptive
model of how to create a sustainable supply chain using Big Data. This can help to avoid the
problems that managers have with integrating Big Data and sustainability [78]. Secondly,
the framework can support business insights, as it offers a rigorous and serious analysis to
translate data into new knowledge. Supply chains managers who want to use insights as
the platform for sustainability require a process that is both scalable and repeatable so that it
can become routinized within the supply chain with predictable long-term results. Thirdly,
the SSCM-IRIS framework highlights the importance of technical skills and managerial
skills for creating a sustainable supply chain using Big Data and Balanced Scorecard. The
framework offers guidance to human resource managers, policy makers, and Big Data
managers on what skills are needed and when and how are they used. Finally, the SSCM-
IRIS framework makes SSCM easier for the supply chain managers by adding innovative
elements to achieve a more efficient management. Thus, the framework allows clarification
and updating of the SC sustainability strategy; reconsideration of the sustainability impact
of each enterprise in the SC and the SC as a whole; communication of the SC sustainability
strategy throughout the SC; alignment of enterprise, departmental, and individual goals
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with the SC sustainability strategy; connection of sustainability objectives to long-term goals
and budgets; and recurrent analysis of environmental, social, and economic performance.
6. Conclusions
Sustainability Supply Chain Management addresses the integration of the three di-
mensions of sustainability (economic, social, and environmental) in the making of decisions
and the execution of activities along the whole supply chain and beyond its limits. Several
frameworks have been proposed to solve these issues. However, existing SSCM frame-
works have some weaknesses. For this reason, there has been the need to develop the
SSCM-IRIS framework. It is structured in six dimensions: methodology, organization,
stakeholders, maturity model, human resources, and technology.
This work has some limitations that can be addressed by future research. On the one
hand, although the framework integrates methodologies, methods, techniques, and tools
that have been successfully applied in real cases in other fields, the main constraint of
the proposed framework is that it has been applied to improve the SSCM in only one real
supply chain. Therefore, as a future work, it would be interesting to perform several case
studies in supply chains from different market sectors in order to validate and enhance
the framework. These case studies could also be useful as reference models and examples
of how to apply the framework, which will help in reducing time, costs, and failures in
its implementation.
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